Abstract. A multiple regression model was used to analyse if the structure of vegetation and soil patches in grazed units (pastures) can be used as explanatory variables to predict the prevalence of Dicrocoelium dendriticum, a common parasite of cattle and sheep, in grazing cattle stocks on the Baltic island of Öland in southern Sweden. The scale dependency was evaluated by comparing three levels of spatial resolution of patches. Prevalence data were obtained from slaughtered animals. Our models predict that the prevalence of D. dendriticum increases in grazed areas with woody vegetation, whereas moist and wet areas decrease parasite prevalence. The predictive power of the statistical models increased with increasing level of patch resolution. Approximately 42% of the variation in parasite prevalence (angular transformation) was explained by the areal proportion of vegetation types (4 th -root-transformed). Based on the results obtained, we believe that our model strategy provides a rational and systematic tool to identify habitats that carry risk for D. dendriticum infection of ruminants, and that it can be applied to other parasites with similar life cycles such as Fasciola hepatica.
Introduction
Various species of the small liver fluke Dicrocoelium are common parasites of cattle and sheep. Their lifecycles involve two invertebrate intermediate hosts.
They infect gall bladder and bile ducts, mainly in ruminants, but they can also infect pigs, horses, dogs and occasionally even humans. The disease is mostly asymptomatic, but can in severe cases lead to anaemia, and emaciation (Otranto and Traversa, 2003) . It is one of the leading causes of discarding liver for health reasons in Sweden (from sheep as well as from cattle).
D. dendriticum is present throughout Europe and several studies have reported prevalence data for this fluke in ruminants and wild animals in different parts of Europe (Otranto and Traversa, 2002) . It is mainly found in dry calcareous areas, but little is known about regional and local variations in distribution or the risk for parasite transmission to grazing ruminants in different habitats. A comparison of prevalence studies reveals large variations, both between regions and at smaller scales. A few studies suggest that this variation is due to landscape structures such as soil distribution and vegetation types, among others. Chartier and Reche (1992) concluded that the presence of D. lanceolatum (syn. D. dendriticum) in dairy goats in their study area in western France was related to calcareous alkaline soils. A high percentage of wood, rocks and arable soil with sparse trees explained the spatial distribution of D. dendriticum in sheep from southern Italy (Cringoli et al., 2002; Musella et al., 2011) .
Considering that the D. dendriticum life cycle is complicated and involves two intermediate hosts with specific habitat requirements, it is not surprising that differences in prevalence seem to be related to landscape factors (Manga-Gonzalez et al., 2001) . The eggs of the parasite are released with the faeces of the definitive host and infect land mollusks (the first intermediate host) feeding on these excrements. Mature cercariae, excreted from the mollusk in mucilaginous clusters are particularly attractive for ants as food. After ingestion by this second intermediate host, the parasite develops further, ultimately taking control of the ant behaviour in a way that completes the life cycle by facilitating spread to the definitive host. Several ant and mollusk species serve as intermediate hosts (Manga-Gonzalez et al., 2001) . However, these different host species are confined to specific habitats and the distribution of D. dendriticum must therefore be limited to habitats where the host distributions coin-Predicting risk habitats for the transmission of the small liver fluke, Dicrocoelium dendriticum to grazing ruminants cide. Water availability, soil type and vegetation are important habitat factors, both for ants and mollusks as they relate to various parasite requirements. Examples include fine-grained structures like speciesspecific differences in closely related plant communities, and course-grained structures such as forests and open grasslands. Identification of risk habitats, i.e. areas where parasite infection of ruminants are particularly common, can help farmers avoid high-risk pastures. Alternatively, they may attempt to reduce the abundance of these parasites by managing certain landscape structures.
The aim of this study was to identify habitats carrying high risk for D. dendriticum infection of cattle, building on the hypothesis that the effect of landscape structures (e.g. lake, arable land or forest) on the relative prevalence of the parasite is scale-dependent. However, the many variables involved for each structure, e.g. with regard to forest, the type (coniferous, broadleaved, etc.) and its humidity (dry, moist or wet), underline the need to find the appropriate impact to be able to analyse the D. dendriticum risk. To that end, we employed multiple regression models to identify soil and vegetation types in grazed areas that significantly predict the prevalence of D. dendriticum in grazing cattle stocks. We evaluated the scale-dependency by comparing three levels of spatial resolution of a type of patch vegetation.
Materials and methods
The prevalence of D. dendriticum in cattle stocks at 203 farms on the island of Öland, a large Swedish island in the southern Baltic, was analysed as a function of soil and vegetation type. All prevalence data were obtained from surveillance of livers from animals slaughtered at the abattoir of KLS Ugglarps AB, Kalmar, Sweden. The helminths were not differentiated further than the genus, i.e. Dicrocoelium spp. but D. dendriticum is the dominating species in Sweden (personal communication, Dr Dan Christensson, Swedish National Institute of Veterinary Medicine). The data included all farms with more than 10 animals slaughtered per year, for at least four years during the period of 2000-2007. The continuous response variable, parasite prevalence, was analysed in linear multiple regression models using a set of explanatory variables containing the proportion of different landscape types for all farms at three different levels of patch resolution. A patch is defined as a relatively homogeneous area in the landscape that differs from its surroundings (Forman, 1995) . Data on grazing areas were extracted from the county board register of applications for environmental support to semi-natural grasslands (SAM-applications). Each application lists grazed areas as digitized "block maps" (scale 1:10,000). These maps are based on aerial photographs with layers showing farms and blocks of agricultural usage. All maps were provided by the County Board Administration, located in Kalmar, Sweden. For each farm, blocks used for grazing were merged into one area and this map further merged with the Geographical Swedish Data map (GSD-map™) of vegetation types on Öland (Wallner, 1999) , exemplified in Figure 1 . A local quaternary deposits map data, provided by the Geological Survey of Sweden authority (SGU), was also used together with the 1997-1999 vegetation map (vegetation type resolution of 0.25-1 ha), provided by the Swedish mapping, cadastral and land registration authority (Lantmäteriet, 2009) . Spatial measurements were made with ArcGIS 9 and ArcMap version 9.2 (ESRI, Redlands, CA, USA). Based on the data as "attributes", applying the tools "intersect" and "dissolve", we estimated the areas of the vegetation and soil types at each farm. In this study, the classification of vegetation follows the system used in the national GSD-vegetation map.
All statistical analyses were performed with the statistical package R (R Development Core Team, 2010). The prevalence (p) of parasites among slaughtered animals for a single stock was calculated as the average proportion over the 8-year period. All prevalence data were transformed into angles with arcsin before analysis (Sokal and Rohlf, 1995) .
The effect of different vegetation types on D. dendriticum prevalence was analysed in three separate multiple regression models, representing different degrees of patch resolution based on the vegetation classification in the national GSD-maps (Fig. 1) , i.e. the "landscape type", the "main vegetation type" and the "vegetation type". The former are large-scale patterns such as surface water, shrub vegetation and forest, while the "main vegetation types" correspond to the next level of resolution, i.e. the kind of forest (mixed deciduous forest, coniferous forest of the bryophyte type, etc.). The "vegetation type" represents a still higher resolution (e.g. the coniferous forest of the bryophyte type can be divided into eight different categories ranging from very dry to extremely wet).
The different "vegetation types" were expressed as proportions of each farm's total grazed area. In order to reduce the effect of influential observations, all veg- etation proportions were 4 th -root-transformed prior to analysis. All significant patch "vegetation types" in the additive regression model for each resolution are represented in Table 1 , which shows all three spatial levels of patch resolution to allow for comparison between scales within "vegetation types", as well as among "vegetation types" within spatial scales. The full models were reduced by a backward elimination procedure of insignificant variables using Akaike's information criterion (AIC) (Crawley, 2007) , and adjusted R 2 to select the simplest, most informative model. All non-significant "vegetation types" were omitted from Table 1 , except when included in any of the other regression models.
Results
The D. dendriticum surveillance in slaughtered cattle, obtained from the Kalmar county abattoir, shows that the mean prevalence of the parasite on the island of Öland has gradually increased from 7.2% in the year 2000 to 11.8% in 2009, the latter number more than twice the prevalence (5.2%) in the whole country that year (Swedish Animal Health Service, unpublished data). The analysis of all farms that delivered more than 10 animals per year in 2007 showed that the prevalence varied from farms completely free of infection to 92% in the most severely affected farm. There was no obvious spatial distribution pattern in parasite prevalence between farms.
Relationship between the prevalence of D. dendriticum and vegetation
The relationship between vegetation and prevalence of D. dendriticum in cattle stocks on Öland was analysed at three different levels of patch resolution (Table 1) .
Landscape type
This, the most coarse-grained scale of patch classification, explained 27% of the variance in angular transformed prevalence of D. dendriticum (Pa). where W, C and F are the areal proportions of surface water, cultural/exploited land, and forests, respectively. All three variables were significant (P <0.01) and surface water (W) had the largest negative effect on prevalence as shown by the regression coefficients, while forests (F) exhibited a positive effect. Occurrence is the number of farms with the patch type. ns = P >0.05; * P <0.05; ** P <0.01; *** P <0.001
Main vegetation type
The medium scale investigated explained 36% of the variance in the angular transformed prevalence of D. dendriticum. where main vegetation types from two additional landscape types exhibit significant effects, i.e. "boulder or stone" (E B ) within "exposed ground" (E) and "mixed thickets" (S M ) within "scrub vegetation" (S).
Open water (W O ) showed a negative effect on prevalence, while mixed deciduous forests (F M ) was positive. As seen in table 1, all four "main vegetation types" are highly significant (P <0.001) but the impacts of cultivated/exploited land and semi-natural grasslands were not significant (Table 1) . At the "main vegetation type" scale, boulders or stones (E B ) had the largest positive effect on prevalence.
Vegetation type
The most fine-grained scale explained the most of the variance in the angular transformed prevalence of Dicrocoelium spp. (42%). At this scale, "vegetation types" from two additional "landscape types" (Table  1) Similarly, moist deciduous forests (F Dm ) showed a significantly negative relationship, while the dryer mixed deciduous forests (F Mm ) were significantly positive. Among mires, the magnocaricetum type consisting of tall sedge fens (M Mm ), were negatively related, while willow fen areas ( MSw ) were positively related to the angular transformed prevalence of D. dendriticum (Pa).
Relationship between the prevalence of D. dendriticum and soil types (quaternary deposits)
Regression analysis of soil types as explanatory variables resulted in a model that explained 10% of the variance in the angular transformed prevalence of D. dendriticum:
where O W is the areal proportion of open water and G w-v represents wave-washed sediments, gravel with thin surface layer of peat (Anova; F 2,200 = 12.69, P <0.001, adj. R 2 = 0.104).
Discussion
Several studies have contributed to our current knowledge on the distribution of dicrocoeliasis and provided information on symptoms and host responses of infected animals (Otranto and Traversa, 2002) . However, at the regional and local landscape scale, little is known about the role of different landscape patches with regard to the risk for D. dendriticum infection for grazing ruminants. In this study, we found that a number of different vegetation types significantly contribute, positively or negatively, to parasite prevalence. This suggests that risk habitats for dicrocoeliasis in grazing ruminants can be identified using multiple regression models. We also found that risk habitats can be hidden at larger scales by the contrasting effects among fine-grained landscape patches.
The regression analyses were performed at three levels of resolution. At the largest scale, forest areas was the only patch type that increased the parasite prevalence (P <0.001), whereas "surface water" (P <0.001) and "cultivated/exploited land" (P <0.01) significantly decreased the prevalence. The mean coverage in grazed areas of the forest landscape type was only 7.9%. However, at the medium patch scale the presence of forests also increased parasite prevalence significantly. The main vegetation type, i.e. "mixed deciduous forest" and the vegetation type "mixed deciduous forest, unspecific" both positively contributed to increased prevalence of D. dendriticum (P <0.001). Interestingly, a more than 40 years old Swedish study (Bengtsson et al., 1968) noted that cattle from farms situated in forest districts generally had two to three times higher prevalence of D. dendriticum compared to cattle from open, non-forested areas. Their explanation was that the intensively cultivated areas on the plains provided inferior habitats for the intermediate mollusk hosts compared to the forest districts characterised by more uncultivated areas and permanent pastures. Trees and shrubs are important for both diversity and abundance of land snails in three different ways (von Proschwitz, 2010) . First, a predominantly woody landscape character provides protection against grazing animals; second, the shading effect of the canopy is important for the sun-and drought-sensitive snails; and third, the leaves of broad-leaved deciduous trees accumulate calcium citrate, which is easily soluble and available for snails.
The landscape type "shrub vegetation/thicket" did not significantly affect the prevalence of D. dendriticum. However, at the more fine-grained scale the main vegetation type "mixed thickets" and the vege-tation type of "Juniper-Dasiphora thickets" both contributed positively to parasite prevalence (P <0.001), suggesting that these vegetation types are favourable habitats for D. dendriticum and their hosts. For the landscape type of "exposed ground" the models suggest that both the "main vegetation type" of "boulder/stone-covered ground" and the "vegetation type" with the same name have positive effects on the parasite prevalence. The landscape type of "open dwarf shrub or herbaceous vegetation" contained one vegetation type, i.e. that of "dry grassland", suggested by the model to increase parasite prevalence, whereas "moist freshwater grassland" was suggested to decrease parasite prevalence. These findings are well in line with previous studies suggesting that D. dendriticum are connected with dry pastures (Otranto and Traversa, 2003) . The negative relationship with parasite prevalence, found for "moist freshwater grassland", "moist deciduous forest" as well as for "magnocaricetum mire", indicate that wet areas present a low risk for D. dendriticum infection of cattle, corroborating earlier findings (Otranto and Traversa, 2003) . A likely explanation is that most ant species shun wet habitats, which also explains the less surprising negative relationship between "open water" and parasite prevalence. However, the vegetation type "willow fen" was an exception being positively correlated with D. dendriticum prevalence. Salix spp. are shown to be favoured habitats for land snails in fens (von Proschwitz, 2009 (von Proschwitz, , 2010 and this might also be the case for ants.
"Cultivated/exploited" land was negatively correlated to parasite prevalence at the "landscape type" level as well as at the "vegetation type" level ("arable land" and "exploited land, unspecific"). The exception was "verge" that contributed positively to parasite prevalence in the model. In general, parasites with complex life cycles are suggested to decline with a decrease in biodiversity (Lafferty and Kuris, 2005) . Frequent disturbances and low species richness characterise the landscape type of cultivated/exploited land. Negative effects of soil disturbances are shown both for ants (Graham et al., 2004) and for mollusks (Stiven, 1989) . In contrast, verges usually have an intact grass sward, and can provide microhabitats for many ant species (Samways et al., 1997) .
Conclusion
Habitats at risk for transmission of D. dendriticum to grazing cattle may be identified by combining data on parasite prevalence with landscape data. The presence of forest growth in pastures significantly increase parasite prevalence throughout all spatial scales analysed in this study, and hence can be regarded as a strong risk factor for D. dendriticum transmission to cattle. Generally, the presence of wet areas significantly decrease parasite prevalence, suggesting that D. dendriticum intermediate hosts are less abundant in wet habitats.
The model used in this study provides a systematic and relatively easy tool to identify risk habitats for parasite infection of ruminants. Although further studies in the field are needed to confirm such findings, we believe that the model is a rational first step, and could be applied to other parasites with similar life cycles such as Fasciola hepatica.
